Investigation of the relationship between high-density lipoprotein-cholesterol (HDL-c) and the risk of developing cancer in a prospective cohort of human immunodeficiency virus (HIV)-infected patients.
Introduction
Cancer is one of the most important causes of mortality in human immunodeficiency virus (HIV)-infected patients, occurring both as acquired immune deficiency syndrome (AIDS)-defining malignancies (ADMs) and non-AIDS-defining malignancies (NADMs). [1, 2] Inflammation is a crucial pathogenetic mechanism involved in cancer development, [3] and inflammation and immune activation are highly prevalent in HIV-infected subjects despite the use of antiretroviral treatment (ART). [4, 5] Lipid profile is profoundly influenced by proinflammatory state, which alters predominantly high-density lipoproteincholesterol (HDL-c) composition and function. [6, 7] Indeed, low HDL-c has been associated with high levels of tumor necrosis factor-alfa (TNF-a) [8] and predominance of a proinflammatory phenotype in monocyte-derived macrophages, suggesting that inflammation could be a risk factor for low HDL-c. [9] Of late, low HDL-c values have been associated with cancer diagnosis. [10, 11] Meanwhile, apolipoprotein A1 (ApoA1), an important component of HDL-c, has been demonstrated to have a direct suppressive effect on tumor cells of melanoma in vitro and in vivo. [12] This predominant role of ApoA1 was confirmed by studies that used ApoA1 HDL-c-mimetics peptides to inhibit ovarian and colon cancer development in mouse models. [13, 14] Little is known about the predictive value of HDL-c in cancer development in the setting of HIV infection.
HIV affects the ATP-binding cassette transporter A1 (ABCA-1)-dependent cholesterol efflux through Nef protein, reducing ApoA1 and, consequently, lowering HDL-c serum level. [15] Baker et al [16] demonstrated that both HDL-c and ApoA1 increase after the start of ART introduction, at levels which correspond to the degree of inflammation present at entry, suggesting that activation of inflammation pathways contribute to HIV-associated changes in HDL-c.
Cancer risk has also been shown to undergo changes during ART depending on cluster of differentiation 4 (CD4) cell count and HIV viral load (VL) modification.
To shed light on the processes described above, the primary aim of our study was to evaluate the association between HDL-c levels and the development of ADM and NADM in a large cohort of HIV-infected patients initiating ART in Italy.
Methods

Study design and participants
This is a cohort study of all the HIV-1-infected subjects enrolled in the Italian Cohort of Antiretroviral-Naïve Patients (ICONA) Foundation Cohort Study with at least 1 HDL-c value per year available since enrollment and 1 such value before ART initiation. As annual monitoring of HDL-c is a more recent practice, only subjects enrolled in the cohort since January 2009 were eligible for this study.
The ICONA Foundation Cohort is a cohort of HIV-infected patients which superseded the original ICONA study (see detailed description of this cohort elsewhere), [17] recruiting HIV-positive patients while still ART-naïve, regardless of the reason. On average, CD4 cell counts, HIV VL and other laboratory parameters are measured, and clinical and therapeutical data are collected every 4 months.
Incident cancer cases diagnosed after enrollment were considered in the analyses, focusing on the earliest cancer diagnosis and ignoring subsequent diagnoses in the same patient.
Prevalent cases, that is, patients with a cancer diagnosis before enrollment in the ICONA Foundation Cohort, were excluded from the analyses.
Malignancies were classified as ADM or NADM; ADM included Kaposi sarcoma (KS), non-Hodgkin lymphoma, primary central nervous system lymphoma, and invasive cervical cancer; NADM included Hodgkin lymphoma, hepatocellular carcinoma (HCC), lung cancer, larynx cancer, anal cancer, stomach cancer, colon cancer, rectal cancer, skin cancer, melanoma, breast cancer, prostate cancer, testicular cancer, bladder cancer, pancreas cancer, and renal cancer.
Patients were followed up from enrollment date to earliest cancer diagnosis, latest clinical visit, or lost-to-follow-up or death. Data freezing for this analysis was June 2015.
Statistical analysis
Results were described as median (interquartile range [IQR]) or frequency (%), unless otherwise specified.
High-density lipoprotein-cholesterol was used either as a continuous variable or as a categorical variable in one of the 2 classes: low (<39 mg/dL in males or <49 mg/dL in females) or normal. Our analysis factored in not only the last HDL-c value taken before cancer diagnosis, but each HDL-c value collected over the entire study period.
Crude rates of incident cancer (incidence rate [IR] ) were calculated as the number of cancer diagnoses divided by the number of person-years of follow-up (PYFU), and were expressed per 1000 PYFU; confidence intervals (CIs) for the rates were calculated assuming a Poisson distribution.
The Kaplan-Meier method was used to estimate the probability of cancer occurrence based on HDL-c level at enrollment; curves were compared by use of the log-rank test.
Three multivariate Cox proportional-hazards regression models were used to evaluate the association between HDL-c and the risk of cancer, and the risk of specific cancer categories (ADM and NADM), adjusting for a number of potential confounders.
At univariate analysis, we determined if HDL-c was better modeled as a continuous variable or as a categorical variable (low vs normal), based on the Akaike information criterion (AIC). As the estimated AICs were very similar (1-2 points AIC difference, with no clear evidence of one model's superiority), HDL-c was considered to be a categorical variable in the 3 multivariate models.
Factors included in the multivariate models were either fixed Missing values of categorical variables were grouped into specific categories, with no loss of observations at multivariate analysis. Missing values of continuous variables, on the other hand, led to a loss of observations, at which point the number of events (on average 88%) effectively retained in each multivariate model was indicated.
The multivariate models were refit after additional testing of current CD4/cluster of differentiation 8 (CD8) ratio, a known predictive factor of non-AIDS-related events. [18] The multivariate analyses were also restricted to that subgroup of patients exposed to ART, and inclusion in the analyses of cancer was restricted to those cancer diagnoses which were performed subsequent to Squillace et al. Medicine (2016) 
ART initiation. Finally, multivariate analyses were recalculated after exclusion of cancer diagnoses recorded within the first 6 months since enrollment, to exclude those diagnoses which might be considered prevalent, rather than incident events. All reported P values were 2-sided and considered to be statistically significant if below 0.05. The analyses were performed using statistical analysis system (SAS) Software, release 9.2 (SAS Institute, Cary, NC).
Ethics
All patients signed consent forms to participate in the ICONA Foundation Study, in accordance with the ethics standards of the committee on human experimentation and the Helsinki Declaration (1983 revision).
Results
In all, 4897 patients participated. Demographics and clinical characteristics are shown in Table 1 .
Overall median age was 37 years (31-45), 22% were females, 20% were non-Italian subjects, and 41% were smokers; HIV transmission was mainly by homosexual intercourse (43% Table 2 .
Forty-eight per cent of cancers occurred 12 months after enrollment and 80% of cancers were diagnosed after ART initiation. KS (64%) was the most frequent ADM followed by nonHodgkin lymphoma (23%) and cervical cancer (13%). Hodgkin lymphoma (21%) was the most frequent NADM followed by lung and bladder cancer (for both 15%) and liver cancer (8%).
At enrollment, 2448 (50%) subjects had low HDL-c values, and the median number of the available HDL-c determinations during follow-up was 5 (2-10).
Patients with low as opposed to normal HDL-c values at enrollment were less frequently male (77% vs 80%; P = 0.004), more frequently smokers (47% vs 43%; P = 0.006), with a previous diagnosis of AIDS (12% vs 7%; P < 0.001), started ART during follow-up (79% vs 69%; P < 0.001), were older (38 [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] Fig. 1 .
At univariate analysis (Table 3) , the risk of cancer was associated with older age, not being on ART, low CD4 values, low CD4/CD8 ratio, high HIV-RNA values, low total cholesterol values, low HDL-c values, low LDL-c values, and high values of fasting glucose.
Results of the multivariate analysis are reported in Table 4 . Notably, the risk of cancer diagnosis was higher in patients with low current HDL-c values (adjusted HR [AHR] for low vs normal: 1.87, 95% CI 1.18-2.95, P = 0.007) and in those with older age (AHR per 5-years older: 1.32, 95% CI 1.20-1.44, P < 0.001), low current CD4 levels (AHR per 100 cells/mm 3 higher: 0.78, 95% CI 0.68-0·91, P < 0.001), high current HIV-RNA values (AHR per 1 log10 copies/mL higher: 1.69, 95% CI 1.36-2·11, P < 0.001), and more recent calendar year of enrollment (AHR per 1 more recent year: 1.10, 95% CI 1.03-1.17, P = 0.005).
Low values of HDL-c still appeared to be a risk factor for risk of ADM (Table 4) , although not statistically significant (AHR for low vs normal: 1.28, 95% CI 0.66-2.49, P = 0.475); older age (AHR per 5 years older: 1.16, 95% CI 1.02-1.33, P = 0.029), low nadir CD4 levels (AHR per 100 cells/mm 3 higher: 0.68, 95% CI 0.50-0.92, P = 0.011), high current HIV-RNA values (AHR per 1 log10 copies/mL higher: 2.27, 95% CI 1.70-3.06, P < 0.001), and more recent calendar year of enrollment (AHR per 1 more recent year: 1.19, 95% CI 1.08-1.31, P < 0.001) were associated with a higher risk of ADM.
The multivariate model on risk of NADM confirmed associations with low values of HDL-c (AHR for low vs normal: 2.61, 95%CI 1.40-4.89, P = 0.003), older age (AHR per 5 years older: 1.50, 95% CI 1.31-1.72, P < 0.001), and low current CD4 levels (AHR per 100 cells/mm 3 higher: 0.73, 95% CI 0.60-0.89, P = 0.002).
Additional adjustment for current CD4/CD8 ratio (see Table 5 ) led to similar conclusions with regard to the effect of low HDL-c values (AHR of any cancer for low vs normal: 1.87, 95% CI www.md-journal.com Table 1 Demographic, clinical, and laboratory characteristics of human immunodeficiency virus-infected patients in the Italian cohort of antiretroviral-naïve patients cohort according to cancer occurrence. All variables were measured at enrollment, unless otherwise specified. Data reported as median (IQR) or n (%). ADMs = AIDS-defining malignancies, AIDS = acquired immune deficiency syndrome, ART = antiretroviral treatment, CD4 = cluster of differentiation 4, CD8 = cluster of differentiation 8, HBsAg = hepatitis B surface antigen, HCV-Ab = hepatitis C virus-antibody, HDL-c = high-density lipoprotein-cholesterol, HIV = human immunodeficiency virus, HIV-RNA = HIV-ribonucleic acid, IDU = intravenous drug user, LDL-c = low-density lipoprotein-cholesterol, MSM = men who have sex with men, nadir = lowest ever, NADMs = non-AIDS-defining malignancies. * By Wilcoxon rank-sum test. † By chi-square or Fisher exact test, as appropriate. ‡ Use of statin or fenofibrate had to precede cancer, if occurred. x A low HDL value was defined as an HDL value outside the normal range, that is, <39 mg/dL in males or as an HDL value <49 mg/dL in females; a normal HDL value was defined as an HDL value within normal range, that is, ≥39 mg/dL in males or as an HDL value ≥49 mg/dL in females.
Characteristic
Squillace et
1.14-3.06, P = 0.013; AHR of ADM for low vs normal: 1.19, 95% CI 0.56-2.52, P = 0.648; AHR of NADM for low vs normal: 2.65, 95% CI 1.38-5.08, P = 0.003] with a weak association with CD4/CD8 ratio. Among patients who had received ART (see Table 6 ), the independent association between HDL-c and post-ART cancer occurrence of any type or NADM was confirmed (AHR of any cancer for low vs normal: 2.39, 95% CI 1.44-3.96, P < 0.001; AHR of ADM for low vs normal: 1.62, 95% CI 0.75-3.48, P = 0.221; AHR of NADM for low vs normal: 3.14, 95% CI 1.59-6.21, P = 0.001); among the other factors evaluated in the model, the protective effect of a longer exposure to ART on the risk of cancer became also evident in all the 3 models (AHR of any cancer per 1 month longer: 0.94, 95% CI 0.93-0.95, P < 0.001; AHR of ADM per 1 month longer: 0.94, 95% CI 0.92-0.95, P < 0. 001; AHR of NADM per 1 month longer: 0.94, 95% CI 0.93-0.96, P < 0.001).
Finally, we refit the multivariate models after exclusion of cancer diagnoses occurred within the first 6 months since enrollment: current HDL-c remained an independent predictor of any type of cancer or NADM (AHR of any cancer for low vs normal: 1.82, 95% CI: 1.05-3.17, P = 0.033; AHR of ADM for low vs normal: 1.15, 95% CI 0.47-2.81, P = 0.753; AHR of NADM for low vs normal: 2.51, 95% CI 1.23-5.11, P = 0.012).
Discussion
In a large cohort of ART-naïve patients seen for care in Italy, our primary goal was to evaluate the role of HDL-c levels as a risk factor for cancer, both ADM and NADM.
In our study, we found low HDL-c (<39 for men and < 49 for women) to be an independent risk factor for cancer in HIV, especially for NADM. Indeed, HIV-infected patients with low HDL-c are at 87% more risk of developing malignancies, and at more than double the risk of developing NADMs.
The HDL-c possesses multiple anti-inflammatory properties, such as inhibition of chemoattractant molecules and reduction of expression of adhesion molecules. [19] Cancer characteristics (first diagnosis).
Characteristic
Any type (n = 104) ADM (n = 56) NADM (n = 48) P Inflammation has been purposed as a hallmark of cancer [20] because of activation of various types of gene mutations, chromosomal rearrangement or amplification and inactivation of tumor-suppressive genes, and of infections and inflammatory state by itself. [21] Apolipoprotein A1, the most important proteic component of HDL-c, in vitro has a direct suppressive effect on tumor cells, and in vivo prompts tumor-infiltrating macrophages towards tumor rejection. [12] Moreover, ApoA1-mimetic peptides have demonstrated antitumoral properties in ovarian and colon cancer experimental models in vivo. [13, 14] The HDL-c and ApoA1 levels were shown to be inversely correlated with HIV-VL, [16] and they could contribute to the documented increased prevalence of cancer in the HIV population. [1, 2] Moreover, recent findings reported that in HIV infection, HDL-c could be dysfunctional in a model in vitro where HDL-c particles extracted from HIV-infected blood samples showed poorest anti-inflammatory activity on preadipocytes. [22] The overall cancer incidence rate in our study was almost double than that of the Italian general population, [23, 24] and it was similar to that reported in a recent study of HIV-infected patients in France and in other European countries. [1, [25] [26] [27] Among traditional risk factors for cancer that may likely explain the increase in incidence rate, our analysis first of all confirmed the role of immune depression, already reported in previous studies. [1, [28] [29] [30] [31] At multivariate analysis, lower CD4 nadir was a risk factor for ADM, whereas current CD4 cell count was associated with NADM, confirming the role of prior severe immune depression on ADM and suggesting a significant protective role of current CD4 in NADM. At the same time, HIV-VL was associated only with ADM, as expected. The fact that 30% of ADM occurred before ART initiation and 56% of ADM occurred during the first 6 months of follow-up, may likely explain the limited role of CD4 and ART in this subset of patients. And yet, among ADM diagnoses, there was a high proportion of KS diagnoses (64%) that occurred also in patients with high CD4 cell count, [24] and that may explain the lack of association between current CD4 and ADM in our study. Another potential explanation of the limited role of current CD4 in ADM occurrence is that the mean CD4 cell count increase during follow-up was not statistically significant as opposed to what occurred among subjects with a NADM diagnosis (data not shown). The prominent role of CD4 nadir as risk factor for ADM also emerged in the analysis considering only cancers that occurred after ART initiation ( Table 6 ). The strong relationship between lower nadir CD4 cell count and increased ADM risk is well-established. [29] [30] [31] [32] As for NADM, there is mounting evidence for an inverse relationship between current CD4 cell count and NADM risk, [33] [34] [35] [36] and almost previous studies consistently suggest that the current/latest CD4 cell count, reflecting subclinical immunodeficiency, is an important marker of short-term NADM risk (especially infection-related cancers) even in those individuals within high CD4 cell count strata more than 200 to 350/mL. [37] However, nadir CD4 was also independently associated with incident NADM, [32] and also the CD4 cell recovery, which also seemed to be an important factor for controlling the excess risk of some cancers. [1] Another concern is that the lack of association with ART exposure could be due to the high incidence of ADM in the first 6 months of therapy and to the small period of observation. However, we demonstrated a protective role of ART when only cancer occurrence after ART initiation was considered (Table 6) .
Among NADM, Hodgkin lymphoma (21%) was the most commonly occurring cancer, followed by lung cancer (15%) and anal cancer (6%), as has been described in the literature. [1, 38] We reported 4 HCCs and no association with HCV-Ab positivity, but a significant HR at multivariate analysis associated with HBsAg positivity (HR 2.65, 95% CI 1.01-6.98) (see Table 5 ). Surprisingly, we found 7 diagnoses of bladder cancer, which is infrequently reported in HIV population. [39] Human papillomavirus (HPV) colonization, predominant in HIV-infected patients, [40] may be responsible for this increased incidence, as demonstrated in a recent meta-analysis. [41] In comparison with the association between low HDL-c and type of cancer in the general population, we found a different pattern of malignancy in HIV-infected patients; breast cancer, endometrial cancer, pancreatic, prostate, and colon and rectal cancer, all associated with low HDL-c in HIV-negative population, [10, 11] were poorly represented in our analysis of NADM.
It is possible that immune perturbation due to HIV infection and certain coinfections, such as HPV, HCV, hepatitis B virus (HBV), and Herpes viruses, deeply influence the prevalence of some types of cancer.
We did not find an association with smoking and cancer occurrence. This result could be due to the low incidence of cancers highly associated with smoking occurrence in our study [42] : overall, we observed 13 cancers (12.5%) highly associated with tobacco smoking (7 lung, 1 larynx, 1 stomach, and 3 anal cancers). Most of the cancers we observed were, in fact, KS (36 cases, 34.6%), a cancer in which the role of smoking remains to be elucidated. [43] Our study does have some limitations. First, the number of events was rather small, given the brief follow-up, This is particularly true when results are split up into the 2 subgroups of ADM and NADM, since most of the cancer diagnoses (especially ADM) occurred within the first 12 months. We therefore cannot exclude that these diagnoses were already present at HIV Figure 1 . Kaplan-Meier curves estimating the probability of cancer occurrence according to high-density lipoprotein-cholesterol at enrollment below normal range (continuous line) and to normal high-density lipoproteincholesterol (dotted line).
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Medicine infection and that they might be prevalent rather than incident events. As almost one-third of cancer diagnoses occurred within the first 3 months (43% for ADM), only 1 laboratory determination (including HDL-c) was available before cancer diagnosis: for this reason, the benefit provided by the use of timeupdate covariates in the analysis was fairly limited. Additionally, our findings could be perceived to be generalized to subjects with recent HIV diagnosis, and those with regular monitoring of HDL-c, and therefore not necessarily representative of all HIV-infected people.
In summary, our study, for the first time, reports an association between HDL-c and risk of cancer in HIV infection. HDL-c is a simple and easy marker that can be performed in every laboratory and could sort patients at higher risk for ADM and especially for NADM. Further follow-up will be needed to confirm our hypothesis. Table 3 Univariate Cox proportional-hazard models on the risk of any type of malignancy, the risk of AIDS-defining malignancies and the risk of non-AIDS-defining malignancies. Table 4 Multivariate Cox proportional-hazard models on the risk of any type of malignancy, the risk of AIDS-defining malignancies, and the risk of non-AIDS-defining malignancies. Table 5 Multivariate Cox proportional-hazard models on the risk of any type of malignancy, the risk of AIDS-defining malignancies, and the risk of non-AIDS-defining malignancies (including CD4/CD8 ratio). Table 6 Multivariate Cox proportional-hazard models on the risk of any type of malignancy, the risk of AIDS-defining malignancies, and the risk of non-AIDS-defining malignancies in subjects exposed to antiretroviral treatment. 
